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(57) Abstract 

The present invention involves the regulation of specific enthalpy at evaporator inlet by deliberate use of the pressure and/ 
or temperature before throttling for capacity control. Capacity is controlled by varying the refrigerant enthalpy difference in the 
evaporator, by changing the specific enthalpy of the refrigerant before throttling. In the super-critical state this can be done by 
varying the pressure and temperature independently. In a preferred embodiment this modulation of specific enthalpy is done by 
varying the pressure before throttling. The refrigerant is cooled down as far as it is feasible by means of the available cooling me- 
dium, and the pressure regulated to give the required enthalpy. Another embodiment involves modulation of enthalpy by varia- 
tion of the refrigerant temperature before throttling. This is done by controlling the heat rejection from the device. 
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(54) CI6iP!©«#] iBI85lHJ^tEIB*^^>«'«WHi5*fe^«fctf-e-©8B 



[R*£1 ] ?;KDi§-9--f KicfclvTteig 

it5ija«s*tLfciE^ (io) . ^aigs (in . asy^ 
« (13) (14) £B%feianjMiKSiEiB->M 

S5Effllsl»l= Btt $ *ifc»«JB »K U *>-/ s*<D&{*5£fi 

stitscti^ct. mei&BBa>B-0-<f Kin©* 

[W#B2] ±enBB<Dft-*-< KI=J3i+**«Mt«« 

0tl$, L-c©«y 

l*T. ««S (14) irlxSgSI (10) <7>EpBI-Be<**lfc 
«ttft«U->— /< (16) OiftLtmA&tmiSit&ZLtK 



# (2i) at;«y*« (13) tmu # 

(21) t«y#S (13) t<DfflT'ffl\2\&lzWiWiZ*ltz-$i 
JiU->— (22) <7>iaBgS)E*T?iinE*H-CL^J*j«* 

c 1 1= j: yart-ri^i: 

»JftB 1 IcffiKO^j*. 
[B#B4] -tffi8)EI8&(OS-y-'f Kl=33it 
©S«lS. # (23.24) *B*i>e»l=cfeyBfl@K«>B 

im kahcim Ki=>ut$*i«RMmK (25) i=*t-r 

*fc#l=. I?SS#« (25) ir33l+-l>E*^^-y--f KB* 

-s z t £¥f&k-r$>n*m 1 kk<»^£. 

[B#JS5] £aSftUn*#*<£ft&tf£ttci!>2tiS 



(2) If 7-1 8 60 2 



&WtLXm#i?*i. ffi«ai=aA**i.*ai=. ME.fi 
y a&£Srt* £ ? Cftot 

l*SttaM»£&a (12) (OffiEjSAPKiSEttjigUv 
-/< (16) ©«ft:*4fc6-rwt*»«i:-r4l||*ai 

■t&imm 1 ~ 5 a>io?tifr i ai=eeo;&a o 

tt5fli«t**ifcEli« (10) . tfiSPIga (11) , «U¥ 
IS (13) &tf3lf£3§ (14) £aa.fcfflB*aftff«-«M 

mt&mnm an tmtzE.i&® ao) tro^nuicaa* 

*ifc«E*«U*>— /< (16) fcs 

8iJ8aHii&EEI8-y--f ^;urt"C. WESI±?ft!£U->-/< (1 

6) ^aasaa aw i©«t>nni=ea**tfc. Rett 

BE/SJIUv-A (16) a>Hltf£JEffl::5ia-4-*{EE£A 

p (17) mrEtfiuaa (id roaaini-aa-rsa 

ESSAPtewr-SiftSSSS (12) £*a*, 
M15«E^U->-/N' (16) ©atMSasaaLTIWE 

**-f KE**HB-r*«rE«y¥« <i3) ite^ 

SPSS (11) irliiJESSflfs (14) £©Ml::E«Lfc£i: 
[R**8] teffl**i**«*<-IMb«*-ea&*w4:S' 

aa t -r 7 ie«<75^Mo 

[aB®l¥a&KB] 

<v h&tft— h#>3to<fc?ttaftEa-9-<f9Ju«>xfE 
^ajs^tf-troaaicHL. ac:. zomo&w.nmti 

fcHftfttttW-T **ai=Br £ t fflt* £, 

«Bj?©aa 

*a. anxi*t:-hJK:/:7*aMi:Lfca«a>«ftE 
bis. E$sa (D . mmt&#Wi& (2) . ay# 

(3) . JfctflMMRSIMi (4) frfcaasti*. **i 
&<DSai*aaM(alKl=att3tU *w(=*»a«aa* 

a«E«^^uaa©sigasi*jfc<Bi:as 
yea* : AMtMiftAEEA&tfaattEit* (D i=«fe 
y a***!, x^x. *<Djfra»iasw<»«« (2) 1= 
Ay. -t^-eftiPRtfaa**!.. j»*<-^5%*p«-i=#* 
e>*t£„ c<&&. SEai*)ft«f*a?§# (3) icfcyjR 

»E73RU:;aSlciBJf ) *t'S, (4) icfcl^T, 5* 

1= *5(+**ftf*Eaai::«l*&*irV *<( 9 frtffETt 

So 

a*a>aftE«-y--r*jwsai*. *-3i*&Baffi**a 

■eiHBftM**i«)ftJi (fc£*.f*\ R-12. CF 2 Cl2) * 

mmrz, *Bafi4ttaaxi;t:aBa>a*afi<. *a 



t*i=a*aai=j:-&«»sait*. *aw<cja**a 
it-r ^>fc a. aaaa * y < <t *2o~3ok*x%m* 

ffi*jaflaaffii*a«<o*>x j rix©s9:tf&t;afe(-fci^ 
r. aaisait&irvs. 

wOftaisxa*. «x(f*s*ns». 2%a&tf£lBiia 
#tB£/\>K &ai989fc«fct/H«*1986 (Handbo 

oks of American Society of Heating, Refrigerating 
and Air Conditioning Engineers Inc., Fundamentals 
1989 and Refrigeration 1986) . icfcl^TSMffllCEa 
**iTl**. 

«ty, c*if,co?&Kiwfijffla)Sit&i;aa'>i^o^-c3S7a 
<taBws»A<<t**irt^*. ^roissm. siftstfrcott 
^ftffi $ awr = t fi<xfttts**a t ft o r « . 
aaa>aaE»**-r^juaa«>a*a»tt±t lt. a 
aasaa-r **»<*)aaaa£HS-r« - 1 1=* y a 
fifc$*t-5o -*ii*fci:xii. saaaa. aywaxi* 
/W/<^»fti=«feyfT*3*i*. w^e,co735iicii. j;y 
aaftxtiDHHMKaaa. #*ass-v>#s n D 0 ro^ 

tfaasti*. 

a«05^-c ^osEftwaaatt-y— ^^.^ hsc»a# 
■c * y » ^*n*aasaaj n i= as it s aai= * y *n» * 
*i<s. aw?«a&*#i=&rtsaa«c/<*:ftraif*. 
*<t y <o»»«)a«»**«*a»-r *fc*i=«a-r * 
= ti=«feyaa**t, *<oaa. aea«B*<«T-r* 

* e> ic. a«©a«Eia-y-'f ^ ;u^a<7)^.ffisi=fcit§ 
aaatt. ±tLT-aaai=fci^r*r*. Lfc*<-o 

T, t- r-7K>^affl^l-fclt*J:3 

a. iw**a 2 %«9itraa«<4x * i^Ki-si^-r 
aa#*#T(=fcM+*aaffiis-9-<^7uc!)aai*» aa 

•fe^irftofcft (40~50^fl) ^T-li. C02*<ft*4ai/ 

ffljHTi^. -tro->XTAi*aa&t;aai-«fcy. a 
«i*ffi»*aE*i=fc^rais**i*«k5i-at***ir 
L^fc 0 -ani=attMA<aaaa«aa^-'&aa. Hta 
fflSTKssiis-r^. a«©aa**fc6rct36<-e* 
r. saiiS-y-Y ki=»i»t. aa»ft#i=*st*raa 

**t-5C<tA<fe-5, 1 (^l-^L^-cajei^SSIi-SI 

°o „ c©^^icfct^-c. a-y--r KicfcMt4^a«>3E« 
Etta«>aai»i=fiit4E**<9o~ioo/<— ;n= 

tiA-rsc<tA<tf*5*irLNfc 0 co2i=*4>fraa«i** 



(3) 
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a (Kalteprogesse) J X^'J 1933^fBfr , XI* 

S*fel#ltm278095-i| (1912*) BBIffl#l=jSS;tvCl**a 

y^Ua- ■ f— • rftafcStt (Princi 

pies of Refrigeration) J (-yv^'J -v v**?M982* 

*I4. K»#*-BfMI::MrU ^S£t§fr£>fc 
SHtl^. LfrU Cti.l*^f6l§$^»:^SlcL. g 

-mtmmzfiimt Lxm%E.mv-^ s )uroa-y--< k-c 

%W<J> s w 

ci(»«6iBa)Sij<oa»i*, cFc^jii©fijffl*jgit-SiH^ 

C©3SIUI<0£*>|::8i]©Bfl«JI*, ±tur-^<o^05M 

f^fl/^SS (g I id ing temperature) ir&l^T 
(rejecting) "^"£>-tM ^^StliLs 



bjmsim Kff*. B**B«*-f ke») icfciNT® 

X(i;UScO«mfiJ ffl ic £ 3 % P 1= £ It « hb x 

«a>x>*jue***«i*i**ci:izcfey. *o«y» 

skSLL-cjtfcaF-frictiCcfeyjsissttWfto 
*«S«f=J3t^r. c(Dhbx>^;uecoii^(i. »y«ft 
»0)E**Kfl:***^fcl=J:ySHS**t*. 

*»a*»a*i=*y. wftftByj*»**u *fcff* 

CO)«MICOL^-C. f 1 @~S8 H£#BLT* 
KiBttBtta) (BJMfcB) JISSUEIB-y-* *JU£Ba>« 

»2nttc<D»wa)»*LL^««ic i fey«***Lfctt 
m 3 b i* - (onwowt 2 sijg^j cj: y tttfifcd Hfciseg^ 
* 4 s i* ;z a>ss w tow 3 ic j: y Brt d *ifcttB# 

*«*«(*tt»lc. ft«lM«flBIMKBlc«M«r«f*M 
*5BI*»tt«i«Eftfrrcfc(t*K2B. m3BXIim 

4B<©3fflB»»ftEiB-9--<^^«BirjbMt*ji*ar;x 
> £ ;u t°co^lf^ $- <f"? 7 x* ^> o 
WeBttcoaSBlc^ftffiAMB^afc,*: 

flt7Baca>BBlzJ:«Bl*B>a)MBlcj:«AABA 

»8Btt-BftB«*)«j|fcLrWIH-r*i*l=* Btt 
KH*^tel^*rillK**t-&!S2Ba)3aBI!t3Rft 

mis-y->r^;u^©fcfe(t^;us^t/x>hpea)&i^* 



(4) 
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a«JfcfH«lSM*l*, fc<tx.li\ x^u> (C2H4) . ^-f 

7t-c^> (B2H6) s . zMitmm (C02) . (c 
2H6) anaita* (n 2 o> . <>: -f-s> ;:£<>< -c-#£„ 

X^Aco-^gB^-irJtfo-C^-So ffittlHSSI*. 

«y#i3t^a#i--5o auftaffiKaaaaadaa 

t. |Sl3iE^Sa3EBiS12<7)iSIEflli:A<. fty #13£IEtia 
10<7)3SEAP19(D*F B 1I-, ;7K®W^lc^$tir jfc 
(*U->-/<16li^^§g;TttliD15lril^$*t. ftL-v- 
/ <1 6tf> tfxffliffiai P I* 6l3£I!a£a«1 2lr &tfe * I* 

fiaai»3E«»i2i*c«>a«<j!>*«B*aBK-r*fc«)i=i6 

fc, asEaaira-rfws**-*-*. t<Dtztb. uv- 
ifii3SM^jSlfi2roifrr-^i7izj3^-c, &£iMi^-a>& 

%)MIJ3J:tf»l*. aatt9aa>a<*aaMB£B (H 

i=fci+*»«:a*tta*<a***i-6. 

m3Hlr^^ti.S-<DflW(0m2^ffi«lcfcL>r, fEll 
SSEttESSroffig-fe^ > hi*. #21RU;iK y #13F<UT% 
3iEtLlHl£SI-iia^ii*4xfcUv-/<22^^-r-i)„ SRHilal 

aaaaa aaai o~ 1 4iiire mifli= it * a* t n 

<, «BS"T-SCi:!f)<T-#-i)„ Ui/— /*22l*<7)E*>li3S*l 

*^-ci*tt**<aft:Eitta)a-y-'f KEAat/a-tM ke 
aimi=«»**i*. >m*s&i::. attaa 

© WEaatf«ffi»i= tti-ffia* s #23» i/#24 

asg*E**T-E$s*ti. E«s«amP2oii. msgiic 
is^rtta r a j titijw. ^j«(*}»sa»ii* 

ioTMih. f:t-W rbj a-etfaatvc. a 
sa«i^5**p*t. fct ju*3frffl££ixi**i::ttai-r£. 
Rffai-^y. #ai*, ttffi raj *-c«y»ft**i*ira 



1-. iPi3Ksa3sa»i2i=33^Ttta r c j *-e. <*&i= 

SMSSft-CtftlV, »y#13l?«)E*fiTI=«fey. S3 
Hlcttffi Tdj t LT***l4J:3l=. *fX 2 

©aai=«feya*»a-r4. aa»amai=feit-&tta 
r e j fti&ftaaaai*. a»s»3£*»i2(=J3l*-c, 
E««aAPi9(=aA-r4ai=. «a rt j £T?in»s 
*irta< . EaaaEAPi9©ssEAi=«t y-y-'f 

ir3s**is,fcdi=, aaaattp«>tta r e j i*. 
aampicfc i+*a«a««ai= * y . 2 a««ttai= 

tftJbt. HrJEa>JMB«*li. #il£ Tdj fc£ 
tftt® r e j ft1<Dx>$;ue»::»j£-r£ 0 

»y«ffttftx>*jnf«3i-efcy % tot^ raj iz 
J3l+*x>*;i/ei4. Ml r c j ir^(f^x>^;ut°[zl| 

l^o ^oijg^. 36*a«a«i-*5i+**a»* (k 

W) 14. £ r c j lcfclt^x>^;ue^3EBi*-a:^ci: 

i^*y*»i**t»*. 

♦tftt^ ■Bt*niiicfi^rai*3&««T**t*ctf= 

iig^-<^T*fe^o SftSSl* (jft Tbj ) lcfe(t«*JCI 

i**a«*:y»jss^o tit, xsxft(4iFi9K&»fitt 
fci^r. ^ r c j irfcitsaisi*. Krcjsrt*BE 

-r*^ticj:yaa**i*o Bfc#jft« , iE'ca>*aii»a)* 
eo>*«i*tifc6-r 0 n(4«*^-r^;u (a~b~ c - 

d-e-f) % K-y-T Kffi*A<«TS*lfcCli:lCc*:4« 
tB^!C0-9--r^;U (a' -b' -c' -d' -e-f) . 

(a" - b" -c" -d" - e-f) ^^LTL^4o ^ 
»*BE*(4-S-Cfc*tiE£**t4o 

^iE^>r K©ffi*i*. *«SK(*i-cfcy3t»*4xri^*c 

<t^t>. ;SS<tl4*H«T*fe4o 
EE*S*»*-a:4ir(4. K^-f Klc S3 It 
^iS$1i:4C<!:. ^-ttfeft. JS*-T KlcJ3lt*WIII»Jft 

4o z*t&a>*»i*a<*a)*— /<— ^n-x(4JHWB»a) 
tt«Hb*»it4fcA. ««ft«*t^L/<^^Ticj:y«i 



(5) 
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=ft$ !ft«3iEft I- J: y . s6f§§t;7Sai P 1 51= felt 6 £ 

v7h£*U U->-/«0)i«f*Sitt3S'J>L> 

-f K^aKSfMBI*. JMMBAi:a«±:nna>/<7:/**< 
tty#13<n|»ifcl=J:y. JffSKD33Saai*(iH£-3£-efc-5 

*u si-y--r K%aaiiax£*i*. ^-y--r K3E«a. l 

U->-/ \*<7);8*g ir fc It 6 a-JH 0>^» (t « fc » 

-< Ki=fcit**a««i*. aaa^w+fl-ftaitaa* 

«fe«>l=#21 (DSK&tfK y #130>HflE£ffilftl:: 
*t 3 ^tl=*y, it*£*M#-&o Z*U*m-*-< K*>«d# 
21£ttLTU^— /^<B3fr«roaa$»4>*t!\ 

K*««(Dfi«!b<. «y#i3*a*aE«*sff- 

3tlcffi}#L'EcA<e>#21$BBfli-r-5-t(=<fcy, jSJ*£;h. 

wftl*Ha£3MxlHlK<DS-9-'l' K**& U->-/<22^ 
St. 

-f k©*«««i*, #24*iMfcu nw=ttij#i3«a 
«aa*«»-r* = ti=j:yit***i»*. ctuc* 
y, *K%aai*iay*H3£a6aa<DfiXi=j:y, a 
ff-y-w Ki=*«**t*. *a»i=»-r*+»<E«tt:aa 

s-y--r Kxai®fixit. #23^^»l, ^«3tisaa> 

y. aa$*i*-&. LfcA'ot, Saattftfllffa, # 
fcl=*ya«S*l*. 

S 2 5 1::, C(Df6BJ(0Sf^ LL^J6flii| 

f*. «a«W*<*-#<©*©»fW=J:yff;b*l«**ltt 



»rt#aa>s^bi- * 7 r ftsiaaroai&KjSt&t? # s * 
Eic*y. H*Lt^e«M*it36<#3t6*i*. 

»3BI=S*:»v&*7(=. m2^i6^](*. *ttft*M*fl£ 
tl^Si^ttS. #21<0^-*<^a«)S-y--< K05BE* 
SISiSL. *y#M3/£lfe3R»»a>+#«:«IS3&*«a* 

ti*. LfcA^t, aao-y— 7 hs#*<i»yai 
y<i=a«3Fi**^i:r=j:ys»i=art**v 

Eftl=&ltTI*. 1IBA««Mma«%4:^. U">-/n*22 

a-caiKS*i-ci^*ft, a«©ssisiE«i-y--«' t^mmt 

H]KI=jliiSt-5#23Ri;#24(*, Hg**Uffll*ro^fti!)* 
ffl*^g«t:T-5.o 

CJh.*T?SttBBLfcSIJfi«i|l=«J:yjSi3tr&*ifcfflE6*SS* 
EE«S-y--f ^;u«aii. fe^Jtf»i?l-3o^T3lffl$tL-5o 

'hM»i;*S!5*a«/5frKSa. /hSt- 

a<faffl«o>— 3i*aii*fflffliii*ai=teit**©-eft 
y. -tc-ci**»fciwctt©«a*o»*tt<E. Ri2-> 

<D-efcy. aar**«>-ei*iEt^. &&. ##tL.ri$ 
^-sjs&is. ^-y--r Kff**±t Lr-sicait-rsi: 
«ytiff («gg r 0 j ) -r*frco^«Eaffi$. * 
iP^mxii*o)#si$s^ an $-a-s>ctir«fco xms 

axi**a>aa*«»r*cti=j:y, Kyttintoi 
tE*ii«T-r^o jMsiaflKDaajwi**- 
«y»ft«r©aa3&<«TL. LfcA<or^a<75fiE 



(6) 



7 - 1 8 6 0 2 



*U frOfrtttLTlllMbflt* (C02) *«JBLTl* 

BfKSfX hgei*J»35<tLT7K£*]/l3L-Cfcy, "ffc 
*aS14l=£(t«&ttC02l=£«|&£a(=<): 

11lcfcl^TC02l::«i:y»Q5»S*t£o H£Sli61ccmCD 

aaffitt«ioat;4ia)tt»ai*#r* uv-ai6£s^ 
-r*„ ca»vx^Ai*m2si=^*Hi)<fe5i=. flat!! 

1*5. Ktt* -5 Cfclcfcy, ^fegSSA 

□ l-fc It Jfr m<D It x > * )\, \ftf®m £ ft, 3tfl S3SS 
i= it -5 ft#fi6tj a>tng*<fr;b*t -5 . 

^f§lf14IC*tt- ^7K3SAPSSI*20°CT— 

*U *fc3»£lfltl11l::tt-f &*3KAnS®l*. 35°CT— 

Sl=«»**t*. *0)fliaH*3llf6»14ai;»3EiJMI1ia) 

w#i=asi*-c. -stfes. i±*i«i*-SiSJS-eii$E* 

*i*B*l=. MfllA (Q) Otn. l±$gtg->-V7 hft» 
5 (W) . S-'tl' Kff* (PH) , C02HS9KS (m) . 
ISfSlg3!EaiOlcj3ltSC025aa: (Te) . CftSft«11(D3lE 
t±iPI~fclt^)C02;SJt (Tb) , ».l/U->— /s'rtcDiS^U 
<*JU (h) ^j^LTl^. 8? y #<7>i4a<DiJ|g<Di* A<t£ 

n*<o«fc5i~. ika (q) i*«y# (13) 

fc(=«fey, «AI=«MiPd*i«. B^&. 
ttlzjsivc. 8tEaC02SaSiES (m) 
y. A^•^^^l]fig*^■=)^4j5:LTt^^Ci:A<B^e ) A^-c•&^) 
5. *f=, !»SfillS11©aiaT?©C02aJt (Tb) 4, ISIS 
<f=yZf\t. tt*©*tt36*K*^ Kff* (P 

(h) OT<SM^#oT^SC<tt,^-5-C*a&?)5o 

ee*«i*«fa>ia*«BHi±3RsiS35aiPi=feMt.5 

■*>WllMrta*-*-*ci:l*>&:<. ^-fcfrfc, lKff«3R 
tB P <DC02SJSTel±(5 $ &KW= f S?<E U C fc A< 

SS092 



i*, i»3E«»iii=»-r**3tApaft (tw> tmtaztf. 

***(=»f**3lAaaflEI*20 c C-e-3ei=fiil»S4i. 
*fcI±aS&l±-£&fiT*il&£ft-5<, 

si=, J3HSJs*<±#-f -sis, ^sn^aiis 

** KE4) J: »IS-JEI=«»**1 
5. 

S 1 



8KAPfi£(tw) 


35.1 


45.9 


57.3 






2.4 


2.2 


2.2 


kW 


(PH) 


84.9 


94.3 


114.1 


bar 




0.026 


0.024 


0.020 


kg/s 




171 


166 


115 


mn 



H#|3 

iaffia>±ffllz^$tt*<*:5lwJ»S8IS11lc» 

s (m) % *-y--f kie* (ph) »a»3e»»in=»-r* 
*aEAnaa (to i*. -s(c«}#$tL^o ii$g^fi- 

*3MB*(*ES***t-6*5rc. *a«o)jE«iicj:y»a 

ir^Jffil^H^o C020>M»a«f4I5lS-S-C?fe*o 

Sit 8 Bid:. x>hPe-ajt«HI=feCt*aBl»-9--f^ 

rt«H3E*fc»r5< t,0)T*&§o IS**a>EE*i*-3ei= 
S^^H^o *JflE(*C02-Cft*. 

hi*. Sim Kffi*o>*»fc«fey tife&»tt«3K«aaE 



(7) 



7-1 8602 



[m i mi 



J<$> 



AAAAV 
4 




[H2i] 



AAAAAR 




[*3H] 



2/ 



r-^VVV^ 1 



qp 



AAAAAR 

14 15 




<ft4*¥7 - 1 8 6 0 2 



[m4lH] 

b 




(9) 



7- 1 8 602 



imemi 



io ^ SB 

8 

6 

< - 
7 - 



2-0 
IJ 
1.0 

no 

120 
110 
100 
30 
80 
70 

0.04 
0.03 
0.07 
0.01 
0.00 

250,0. 

mo 

150.0 
100.0 

sao 



30- 
25 
20 
15 
10 

600 
50JJ 
40.0 
300 

« 

0.0 



MS (0) 



Q (kit) 



(kff) 



PH (bar) 



m (kg/*) 



h (mm) 



Te (°c) 



Tb Cc) 



i ..... i 



20 



30 



SO 70 80 30 100 

B* R3 (»> 



no 



(10) 



7 - 1 8 6 0 2 



[357 0] 




(11) 



$#4>¥7- 1 8 6 0 2 




